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Mass  spectra  of  the  .V-acetylnitramines  1 -acety lliexahydro-3,S-dinitro-l,3,5-lriaziiie  (TAX)  and  1 -acety loctahy dro- 
3,S,7-trinitro-l,3,S,7-tetrazocine  (SEX)  were  recorded  in  electron  impact  (El)  and  positive  and  negative  chemical 
ionization  (PCI  and  NCI)  modes,  and  the  fragmentation  pathways  were  compared  with  those  of  other  nitramines 
which  have  been  well  documented  and  characterized.  Unexpectedly,  for  both  acetylnitramines  in  the  El  mode  (and 
in  the  PCI  mode)  proton  adducts  were  the  only  molecular  ion  species  observed ;  in  neither  mode  was  there  evidence 
for  higher  adducts.  In  contrast,  for  TAX  in  the  NCI  mode  the  |M  -F  NOjI  ~  adduct  was  the  second  most  abundant 
ion  (70%);  relatively  small  amounts  of  the  |M  -F  NO|~  adduct  (2%)  and  the  hydrogen  adduct  |MH|~  (3%) 
were  observed.  Under  identical  NCI  conditions  no  molecular  ion  species  or  adduct  ions  were  detected  for  SEX;  the 
ion  of  highest  m/z  corresponded  to  loss  of  NO]  or  HNO]  from  a  molecular  ion  species.  The  findings  of  collision- 
induced  dissociation  experiments  are  also  discus.sed. 


INTRODUCTION 


logues  were  observed,  there  were  significant  differences 
in  the  behavior  of  the  acetyl  compounds. 


The  , V-acetylnitramines  i-acetylhexahydro-3,5-dinitro- 
l..3.5-triazine  (TAX)  (la)  and  l-acetyloctahydro-3,5.7- 
trinitro-1..3.5.7-tetrazocine  (SEX)  (2a)  are  important 
byproducts  of  ll’i  manufacture  of  the  nitramine  muni¬ 
tions  compoi  Js  RDX  (lb)  and  HMX  (2b).  Mass 
spectra  of  the  latter  two  compounds  obtained  under  a 
wide  variety  of  ionizing  conditions  have  been  reported 
over  the  past  two  decades,  and  have  been  summarized 
m  a  recent  review.'  The  fragmentation  pathways  of  Ib 
and  2b  in  electron  impact  (El)  and  positive  and  negative 
chemical  ionization  (PCI  and  NCI)  modes  have  been 
extensively  documented  by  the  high-resolution 
collision-induced  dissociation  (CID)  study  of  Yinon  et 
al.^  Of  particular  significance  in  this  'tudy  was  the 
demonstration  of  the  presence  in  both  Cl  modes  of 
positive  and  negative  [M  +  NO]]  and  [M  +  NO] 
adduct  ions,  which,  in  addition  to  the  molecular  ions, 
gave  rise  to  series  of  fragments.  For  lb  in  the  NCI  mode 
adduct  [M  -f  NO]]  predominated;  no  ions  in  the 
region  of  the  relative  molecular  mass  were  observed  in 
their  worlc'  or  in  the  later  study  of  McLuckey  et  al.^  It 
is  also  noteworthy  that  in  El  mode  [M-fNO]* 
adducts  were  observed,  at  relative  abundances  of  I  "A,, 
tor  both  lb  and  its  recently  reported  methylene  homo- 
logue  3.* 

This  paper  reports  the  ma.ss  spectral  characteristics  of 
V-acetylnitramines  la  and  2a,  which  have  not  been  pre¬ 
viously  described.  While  fragmentations  with  N  N 
bond  cleavage  and  ring  cleavage  with  loss  of  CH]N]02 
moieties  in  a  manner  similar  to  the  fully  nitrated  ana- 
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EXPERIMENTAL 


The  instrument  used  was  a  Finnigan  MAT  TSQ-70B 
with  a  20-kV  dynode  detector.  Samples,  synthesized 
according  to  published  procedures."  ^  were  introduced 
by  a  direct  exposure  probe  (DEP),  which  consisted  of  a 
rhenium  filament  inserted  directly  into  the  electron 
beam  or  reagent  gas  plasma  in  the  source  and  heated 
rapidly  to  desorb  the  sample  before  decomposition 
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could  take  place.  A  filament  current  increase  of  16-17 
mA  s  '  corresponded  to  a  temperature  gradient  of  lA 
1 7  C  s  '  and  resulted  in  clean  desorption  within  2-3  s. 
Instrument  parameters  in  the  El  and  both  Cl  modes 
(methane  as  reagent  gas)  were  electron  energy  70  eV. 
emi.ssion  current  200  pA,  dynode  5  6  kV,  electrometer 
amplifier  gain  10  *  mA  V  source  temperature  80  C 
and  scan  time  0.5  s.  For  the  CID  expKriments  argon 
was  the  collision  gas  at  10  V  collision  energy  and 
1  X  10  '  Torr  collision  cell  pressure  (1  Torr  =  133.3 
Pa);  under  these  conditions  the  vacuum  manifold  pres¬ 
sure  was  1.0  X  10  '1.3  X  10  '  Torr  and  the  electrom¬ 
eter  amplifier  gain  was  reduced  to  10  '10  mA  V  '. 


RESL  l.TS  .4ND  DISCI  SSION 


Electron  impact 

The  11  mass  spectra  of  la  and  2a  (Table  1)  are  note¬ 
worthy  in  that  the  respiective  protonated  molecular  ions 
.It  rn  :  220  and  294  were  the  only  ions  observed  in  those 
regions.  .Although  the  observation  of  protonated  molec¬ 
ular  ions  m  El  is  b\  no  means  unprecedented'*  and  is 
known  to  occur  with  amides,'*  it  is  unusual  not  to  see 
the  unprotonated  species  at  all;  normally  it  is  the  more 
abundant.  Elevation  of  the  source  temperature  to 
150  C  markedh  increased  the  relative  abundances  of 
the  proton  adducts,  and  again  no  unprotonated  species 
were  seen.  No  higher  adduct  ions  were  detected  at 
either  temperature;  a  relative  intensity  of  0.2",.  was  the 
detection  limit 

f  ragmentation  patterns  iif  the  prtnonated  molecular 
ions  observed  on  CID  (Tible  2l  were  dissimilar  to  the 
respective  11  mass  spectra  (  fable  1 1.  A  predominant 
fragmentatum  process  observed  on  CID  for  both  la 
and  2a  was  loss  of  CH.CO,  both  alone  and  tn  com¬ 
bination  with  other  moieties;  in  addition,  there  were 
significant  dillerences  between  the  congeners,  for  la. 
loss  of  CHiCO  alone  yielding  the  m  r  178  ion  clearly 
predominated,  and  the  ion  resulting  from  loss  of 
CH  ,CO  and  NO  (tti  :  116)  was  a  relatisely  minor  frag¬ 
ment.  Other  significant  pathways  included  loss  of 
(  H.NNO,  both  in  combination  with  CH.CO  to  give 
the  HI  -  104  fragment  and  in  combination  with  another 
CH.NNO,  motety  to  give  the  m  :  72  fragment  For  2a, 
three  equally  abundant  fragments  were  observed,  and 
loss  of  NO  in  addition  to  CH.CO  became  an  important 
pathway.  I  hus.  the  ions  of  m  z  252,  190  and  I  16  arose 
from  the  loss  of  CH.CO,  of  CH.CO  and  NO  and  of 
NO  anti  2CH  ,NNO,  .respectively. 

Chemical  ionization 

The  characteristics  of  la  and  2a  in  the  PCI  mode  were 
similar  ft)  each  other;  the  protonated  molecular  ions 
were  substantially  more  abundant  than  in  the  El  mode, 
as  expected  (Table  I).  The  only  adducts  observed  for 
each  compound  were  hydrocarbon  adducts  (e.g.  [M 
+  C.H,] ')  due  to  asscKiation  reactions  with  methane- 
derived  ions.  While  the  most  abundant  ion  for  la  (m'r 
146)  represented  the  lo.ss  of  a  CH2NNO,  moiety  and 
the  two  most  abundant  for  2a  (m/r  220  and  146)  rep¬ 


resented  losses  of  one  and  two  of  the  same  moiety,  10ns 
corresponding  to  the  loss  of  CH^CO  from  MH*  {m  : 
178  for  la  and  m'z  252  for  2a)  were  also  prominent 
for  both  congeners.  Losses  of  both  CHjCO  and 
CH2NNO2  were  reflected  in  the  appearance  of  ions  at 
m,'z  104  for  la  and  m/r  178  for  2a.  Ions  corresponding 
to  losses  of  both  NO  and  CH2NNO2  moieties,  not 
apparent  in  the  El  mode,  were  found  at  m/r  116  for  la 
and  at  m/r  190  and  1 16  (2CH2NNO2)  for  2a. 

Daughter-ion  spectra  of  the  protonated  molecular 
ions  observed  in  the  PCI  mode  for  la  and  2a  (Table  2) 
showed  characteristics  in  common  with  the  daughter- 
ion  spectra  in  the  El  mode,  but  there  were  significant 
differences  both  in  the  identities  of  the  predominating 
fragments  and  in  their  relative  abundances.  As  a  general 
observation,  in  the  PCI  mode  the  loss  of  CH2NNO.  is 
at  least  equally  important  as  the  loss  of  CH.CO.  Spe¬ 
cifically,  for  2a  three  of  the  four  most  abundant  PCI 
fragments,  all  due  to  loss  of  CH2NNO2  or  com¬ 
binations  thereof,  were  not  seen  as  El  daughters.  In 
order  of  decreasing  relative  abundance,  these  ions  were 
m/Z  220  (loss  of  CH,NN02).  m,c  146  (loss  of 
2CH2NNO2)  and  m  z  )'78  (loss  of  CH2NNO,  and 
CH2CO).  Two  of  the  three  fragments  predominating  in 
the  El  mode,  which  were  due  to  the  loss  of  CH.CO  or 
combinations  thereof,  were  greatly  reduced  in  abun¬ 
dance  as  PCI  daughters  (m  c  252  and  190).  For  la, 
similar  effects  were  seen  in  the  relative  abundances  of 
the  fragments  corresponding  to  the  loss  of  CH.NNO. 
and  CH2CO  (m  r  146  and  178,  respectively).  The  former 
increased  markedly  in  abundance  (1 1"..  in  El  to  76",.  in 
PCI)  whereas  the  latter  decreased  (from  100". >  to  91 ".  ). 

In  contrast  to  their  similar  PCI  characteristics,  la 
and  2a  differed  dramatically  in  their  NCI  spectra.  For 
la.  adduct  ions  were  a  prominent  feature  (Table  1).  The 
second  most  abundant  ion  (69", .)  was  the  [M  -i-  NO.] 
adduct  (m  e  265);  [M  ■+  NO]  (m  e  249)  and 
[M  -I-  H]  (me  220)  adducts  were  also  present  at  much 
lower  abundances  (2"..  and  3"...  respectively).  The  most 
abundant  ion.  me  173.  corresponded  to  [M  -  NO,]  . 
On  the  other  hand,  the  NCI  mass  spectrum  of  2a  was 
distinguished  by  the  absence  not  only  of  adducts  but  of 
any  molecular  ion  species  at  all.  Prominent  fragment 
ions  were  m  e  247.  corresponding  to  [M  -  NO,]  .  and 
m  e  200.  corresponding  to  loss  of  HNO,  in  addition  to 
NO2 .  The  most  abundant  ion  again  w  as  m  e  1 15.  w  hich 
for  2a  corresponded  to  loss  of  the  CH.NNO,  and  NO, 
moieties. 

Attempts  to  obtain  daughter-ion  spectra  of  the  m  e 
265  adduct  of  la  in  NCI  were  unsuccessful,  and  even 
when  the  collision  cell  pressure  was  lowered  to 
I  X  10  ■*  Torr  and  Q3  was  scanned  over  the  range  m  z 
100-270,  no  ions  including  the  parent  adduct  were 
detected.  However,  selected  reaction  monitoring  experi¬ 
ments  with  single  ions  at  I  x  10  *  Torr  suggested  that 
the  ion  at  m/r  173  was  a  daughter  ion  and  that  at  m  : 
220  probably  was  not.  The  finding  of  m  r  102  as  the 
most  abundant  daughter  of  the  m  r  247  ion  in  the  NCI 
of  2a  provides  the  first  evidence  that  ring  cleavage  can 
take  place  with  loss  of  CHjNCOCH,  (m  r  71)  in  addi¬ 
tion  to  loss  of  CH2NNO2  (m/r  74)  in  fragmentations  of 
A-acctylnitramines. 

It  should  be  mentioned  that,  except  in  the  failed  case 
of  NCI  daughters  of  m  r  265,  no  attempts  were  made  to 


MASS  SPl-CTRAL  FRAGMENTATION  PATHWAYS  OF  V-AGF.TYLNITRAMINFS 


Table  1.  Mass  spectra  of  A/'-acetylnitramines* 


Compound 

1a 

ei 

PCI 

NCI 

265  [M  +  NO  J  (69) 

249  [M  +  NO]  (2) 

220  [M  +  H]*  (5) 

220  [M  +  H]*  (41) 

202  [M  -  OH)  -  (6) 

186“ (5) 

178  [MH  -CHjCO]*  (30) 

220  [M  +  H]  (3) 

173  [M  ~  NOj]-  (10) 

146  [M-CHjNNOj]'  (5) 

174  [MH  -  NOjl'  (10) 

146  [MH  -  CHjNNOj]  ’  (100) 

173[M-N02]  (100) 

131  [M-CHjCO-NOj]*  (23) 

99  [M  -CHjNNO,-NO,]*  (100) 

1 32  [MH  -  CHjCO  -  NOj]  *  (1 2) 

116  [MH  -  CHjNNOj  -  NO]*  (3) 

129“  (50) 

2a 

294  [M  +  H]  •  (2) 

294  [M  +  H]-  (9) 

251  [M  -  CHjCO]-  (4) 

220  [MH  -  CHjNNOj]*  (8) 

205  [M  -  CHjCO  -  NOj]*  (9) 

252  [M  -  CHjCO]*  (16) 

220  [MH  -  CHjNNOj]  *  (95) 

247  [M  -  NO,]  (20) 

201  [M  -  2N0j]-  (14) 

178  [MH  -CHjNNOj-CHjCO]*  (79) 

190  [MH  -  CHjNNOj  -  NO] '  (9) 

1 78  [MH  -  CH  jNNOj  -  CH ^CO]  ’  (23) 

200  [M  -  NO,  -  HNOj]  (22) 

173  (M  -  CHjNNOj  -  NOj]  •  (23) 

146  [MH  -  2CHjNN02]-  (100) 

1 74  [MH  -  CH jNNOj  -  NOj]  *  (31 ) 

146  [MH  -  2CH;,NNOj]-  (100) 

173  [M  -  NO,  -  CH,NNO,]  i 

131  [M  -  CHjNNOj  -  CHjCO  -  NO:,r 
(23) 

1 32  [MH  -  CHjNNOj  -  CH^CO  -  NO^] ' 
(11) 

129“  (5) 

99  [M  -  2CHjNNOj  -  NOJ  '  (96) 

116  [MH  -  CHjNNOj-  NO]  -  (40) 

102 [M  -  NO,  - CH,NNO, 

-  CHjNCOCHj]  (6) 

'*  Relative  abundances  (  • )  are  gjven  in  parentheses  following  the  m  z  values  and  structural  assignments 
^  No  assignment 


Table  2.  C'lD  daughter  ions  of  .V-acetyInitramines 


CoH'pound  Parent  iPi 


la  220 


2a  294 


247 


Noi  measured 
Not  observed 

‘  Fragmentation  no;  assigned 


abundance 

1  ) 

Daughters 

ei 

Cl 

178  [P  -  CH,C0]- 

100 

91 

146  [P  -  CHjNNO,)  • 

11 

76 

116  [P  -  CH,NNO,  -  NO]  • 

6 

5 

104  (P  -  CH,NNO,  -  CHjCO]- 

42 

100 

72  [P  -  2CH,NNO,]- 

53 

— •* 

252  [P  -  CH,CO)  ■ 

91 

36 

220  [P  -  CHjNNOj]  - 

_ 1) 

67 

190  [P  -  CH,NNO,  -  NOI ' 

100 

25 

178  [P  CH,NNO,  CH,C01- 

39 

146  [P  -  2CH,NNO,|- 

n 

43 

116  [P  2CH,NNO,  NO]- 

93 

100 

104  [P  -  2CH,NNO,  CH,CO]- 

p 

9 

102' 

15 

23 

173  [P  CH,NNO,l 

26 

102  [P  CH,NNO,  CH,NCOCH,] 

100 

optimize  either  the  collision  energy  or  the  collision  cell 
pressure.  It  has  been  demonstrated  that  fragmentation 
is  more  dependent  on  the  latter  than  the  former,'"  and 
the  values  were  arbitrarily  selected  for  this  study. 


CONCLUSIONS 


In  contrast  to  the  well  documented  FI  characteristics 
of  RDX,^  HMX^  and  live  other  recently  reported  nitra- 


mines.'*  proton  adducts  were  the  only  molecular  ion 
species  observed  for  the  .V-acetylnitramines  la  and  2a 
in  the  FI  mode.  The  fragmentation  patterns  of  the 
proton  adducts  in  CIO  experiments,  in  marked  contrast 
to  those  of  the  molecular  ions  of  other  nitramines,"* 
were  largely  or  entirely  different  from  the  observed  F.I 
spectra.  Fragments  due  to  loss  of  NOj  and  CH^NNO, 
predominated  in  the  FI  spectra,  whereas  the  protonated 
molecular  ions  gave  largely  fragments  due  to  loss  of 
CH  >C()  and,  in  the  case  of  2a,  NO. 


1 


I  OK 


1  P  BURROWS 


PCI  spectra  of  the  iV-acetylnitramines  were  similar; 
each  showed  the  expected  protonated  molecular  ions 
and  no  higher  adducts.  Ions  resulting  from  loss  of  NO,, 
NO  and  CHjCO,  and  also  from  ring  cleavage,  were 
abundant.  CID  fragmentation  of  the  protonated  molec¬ 
ular  ions  showed  that  ring  cleavage  with  the  loss  of 
CHjNNO,  was  equally  important  as  the  loss  of 
CHjCO. 

In  the  NCI  mode,  however,  the  characteristics  of  the 
N-acetylnitramines  were  completely  different.  For  la. 


adduct  ions  were  prominent  and  the  [M  NO2J 
adduct  was  the  second  most  abundant  in  the  spectrum. 
For  2a,  no  adducts  or  molecular  ion  species  were 
detected;  the  fragment  of  highest  m/r  (247)  correspond¬ 
ed  to  the  loss  of  NOj  or  HNOj  from  a  molecular  ion 
species.  No  such  differences  were  seen  in  the  NCI 
spectra  of  lb  and  2b.’  Mass  spectral  investigations  of 
other  N-acetylnitramines  are  now  in  progress  to  deter¬ 
mine  whether  these  differences  and  others  observed  are 
general  characteristics. 
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